Treatment of parsley cell cultures with a fungal elicitor triggered the induction of a lipoxygenase isoform which may be involved in the de novo synthesis of defence-response inducers, such as jasmonic acid or 12-0x0-phytodienoic acid.
Introduction
In recent years, an increasing body of information has tended to prove that metabolites generated by the lipoxygenase (LOX) pathway ( Figure 1 ) play a pivotal role in the reactions of defence of higher plants to pathogen attack. However while the nature, the biosynthesis and the role of these phyto-oxylipins are slowly unravelled, the understanding of the expression of the different branches of the L O X pathway, and their regulation, remains largely fragmentary.
One important point of this regulation is obviously the relative expression, activity and compartmentalization of the phyto-oxylipin biosynthetic enzymes and particularly the temporal and spatial expression of the different isoforms of LOXs. In this regard we have studied LOX activities in cultured parsley cells treated with a crude cell-wall elicitor (Pmg) from the soya bean-pathogenic oomycete, Phytophtora sojae.
Materials and methods
Cell culture and elicitor treatment Pmg was isolated from mycelial cell walls of P . sojae as described in [l] . Cell-suspension cultures of Petroselinum crispum were propagated as described previously [2] . For elicitor treatment, 10-day-old cells were transferred into 250-ml Erlenmeyer flasks containing 10 ml of fresh medium. Later (10 h), sterile elicitor (500 pg) was added to the cell suspension. Cells were harvested after treatment for different times, deep-frozen in liquid N, and stored at -80 "C. 'To whom correspondence should be addressed (e-mail elizabeth.blee@ibmp-u1p.u-strasbg.fr).
LOX activities
T h e LOX activity was measured spectrophotometrically at 234 n m [3] . Enantiomeric composition of the fatty acid hydroperoxides was determined by HPLC. After reduction of fatty acid hydroperoxides by triphenyl phosphine and their methylation with etheral diazomethane, a first purification of the methyl esters was achieved on an SP-pPorasil column (Waters) eluted with 0.5 ethanol in hexane (2 ml/min). Then the different collected enantiomers were separated on a Pirkle covalent phenylglycine chiral column (5 pm, 250 x 4.6 mm) eluted with 0.4 yo propan-2-01 in hexane (1 ml/min). Immunoblot analysis was performed as described in [4] . was optimally active at acidic pH (6 pmollmin per mg of protein at pH 5.5). Raising the pH to 9 led to rapid inactivation of this enzyme.
Purification of induced LOX

Induction of LOX iooform by a fungal elicitor
Cultured parsley cells respond to elicitor treatment with a multi-component defence response, which is similar to the resistance reaction of the infected plant [6] . LOX activity was found to be stimulated during pathogen attack of tomato [7] , Arabidopsis [8] or rice [9] , or during treatment of plant cell cultures by fungal elicitors [10, 11] . We have now shown that the elicitor treatment was similarly effective in stimulating LOX activity in parsley cell cultures. The rapid and transient increase in enzyme activity (about 25-fold) peaked around 13 h after treatment of the cells with the elicitor (Figure 2A ). Immunoblot analysis revealed the presence of an additional band in the extract of elicited cells, representing an elicitorresponsive LOX with an apparent molecular mass of 93 kDa ( Figure 2B ).
It should be noted that, in sharp contrast to the constitutive LOX (95 kDa), this induced isoform was active only at basic pH such as 9.
Regioselectivity of the parsley LOXI
Plant LOXs differ in their regioselectivity. They catalyse the oxidation of unsaturated C,, fatty acids into either 9-or 13-hydroperoxyoctadecadi(tri)enoic acids, or a mixture of both, depending on the source of the enzyme. These highly reactive molecules are readily converted, by diverse oxylipin biosynthetic cascades, into a series of compounds endowed with various biological activities (Figure 1) . Because of the difference in regio-and stereo-selectivities of the hydroperoxide-degrading enzymes (e.g. allene oxide synthase, hydroperoxide lyase, peroxygenase) 9-or 13-fatty acid hydroperoxides are precursors of different pathways. For example, jasmonic acid, which is known to play a major role in signal transduction [12] , requires the 13s-hydroperoxyoctadecatrienoic acid (1 3-HPOT) as its unique biosynthetic precursor. Thus the nature of the different isoforms of LOXs involved in plant-pathogen interactions may constitute a key element of the regulation by the LOX pathway of the pathogen-defence responses. Accordingly, we have demonstrated that constitutive parsley LOX converts linoleic acid mainly into 9s-hydroperoxy-l0,ll-octadecanoic acid (9s-HPOD; 80 %) ( Figure 3A ).
We have partially purified the LOX isoform induced by fungal elicitor treatment (70 purity according to SDS/PAGE analysis) and demonstrated that this fraction catalysed preferentially the formation of 13S-hydroperoxy-9,lloctadecadienoic acid (13s-HPOD; Figure 3B ). Thus, one could invoke the possible involvement of this particular LOX in signalling phenomena leading to the induction of defence responses via jasmonic acid. However, we have also noticed a strong stimulation of the formation of 9- 
